Introduction
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Diphtheria was the number one cause of infant death prior to the introduction of toxoid To identify SNPs, fastq files were imported into Genious (8.0.4) and mapped to the reference 1 0 7
C. diphtheriae NCTC 13129 using the bwa plugin (version 0.7.10). Quality based variant contig. Maximum likelihood phylogenetic trees were constructed from SNP matrices using Antibiotic resistance was predicted using ResFinder (16). BLAST comparisons to Q5IL09). The homology of dtxR and all the genes from the Spa pilus clusters (A, D &H) was 1 2 0 also determined using the BLAST suite with orthologs defined as those that had at least 50% Forty seven isolates were included in the study. They were recovered from patients between Four out of six clusters appeared to be geographically linked (Figure 1 ; atpA-3, dnaE-1, dnaK-18, fusA-4, leuA-13, odhA- Analysis of the pangenome showed that cluster 1 contained unique genes denoted by I as transposable elements, one ATPase and a modification methylase that was not found in
any other isolates in this study ( Figure 2 ). An additional 11 genes (II) were also unique and
mostly hypothetical but again contained transposons, unique putative outer membrane 1 4 7
proteins and phanazine biosynthesis protein (PhzF family). Analysis of SpaA, SpaD and
SpaH pilus gene clusters showed that all were present in this cluster, even though the SpaD 1 4 9
gene cluster had low homology to the reference strain ( Figure 1 ).
Cluster 2 consisted of two related isolates. The first isolate 2379 was ST259 (atpA-3, dnaK-12, fusA-1, leuA-42, odhA-16, rpoB-31) , while isolate 4455 differed by one
nucleotide in the dnaK locus. Both isolates were predicted to be resistant to Phenicol, did not contain the spaE or spaF gene and had variable homology in SpaH (Figure 1 ).
Cluster 3 consisted of isolates 4809 and 0993 and both isolates were from teenage significant homology with the reference NCTC 13129 (Figure 1 ).
Cluster 6 consisted of isolates 257 and 5117 and no antibiotic resistance genes were that contained sdpA and sdpB, both sporulation-delaying proteins, an integrase, von
Willebrand factor type A domain protein and a putative transposon Tn552, all of which were 1 7 7
shown to be part of a non-ribosomal peptide/ polyketide synthase cluster unique to these
strains. In addition, these strains contained a large NRPS cluster with homologs to mbtB, irtA
and irtB, genes known for iron regulation and survival in M. tuberculosis (17). isolates. This protein was annotated as a putative collagen binding protein and showed high Genome-wide comparison of isolates also uncovered concurrent infection in one and biotype mitis ( Table 1 ). The isolates were not related to each other according to the
analysis employed in this study (Figures 1 and 2 ). This is the first report describing the epidemiology of toxigenic and non-toxigenic C.
diphtheriae in Australia. Apart from the clusters described above, most strains represented
very diverse STs reflecting multiple sources of infection including overseas-acquired cases.
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There is little data on the evolution of C. diphtheriae, particularly on current tox -strains. We
investigated the variability of genomes of toxigenic and non-toxigenic strains of C.
diphtheriae using a set of isolates collected over the last 12 years in NSW, Australia. While
the number of notifiable cases has remained low during this period, the number of isolates like this study, most isolates are found to be non-toxigenic (18).
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This study adds important insights into the evolution of C. diphtheriae, particularly on by toxigenic as well as non-toxigenic strains. The investigation of population structure using traditional MLST profiling, SNP- suspected to have enhanced virulence, was found in four patients. All patients found to have 2 1 7 ST32 were from the same region and had a similar age range (16-27). ST32 has been reported 2 1 8
previously and the success of this clone is thought to be due to its superior adherence 2 1 9
properties (22). The adhesion rate for ST32 was found to be 7.34 + 2.33%, compared to other pathogenicity island in C. diphtheriae (23). They are also known to vary between strains and (all from the SpaA pilus gene cluster) equates to loss of adhesion (24). Interestingly, Cluster suggest that antibiotic resistance is uncommon among C. diphtheriae in Australia. Only isolates from Cluster 2 appeared to carry the tetO gene, encoding a protein which protects the 2 3 9
ribosome from the translation inhibition action of tetracycline. The emerging role of siderophores as important virulence factors of C. diphtheriae, In conclusion, the genomic diversity of toxigenic and non-toxigenic strains of C. in diagnostic laboratories it becomes essential to closely monitor non-toxigenic strains of C. 
